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Abstract
We obtain two boundary states corresponding to the two folds of a fractional-
wrapped Dp-brane, i.e. the twisted version under the orbifold C2/Z2 and the un-
twisted version. The brane has rotation and linear motion, in the presence of the
following background fields: the Kalb-Ramond tensor, a U(1) internal gauge poten-
tial and a tachyon field. The rotation and linear motion are inside the volume of the
brane. The brane lives in the d-dimensional spacetime, with the orbifold-toroidal
structure T n×R1,d−n−5×C2/Z2 in the twisted sector. Using these boundary states
we calculate the interaction amplitude of two parallel fractional Dp-branes with
the foregoing setup. Various properties of this amplitude such as the long-range
behavior will be analyzed.
PACS numbers: 11.25.Uv; 11.25.-w
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1 Introduction
By using the boundary state formalism all properties of the D-branes can be extracted. In
this formalism a D-brane can be completely represented in terms of all closed string states,
internal fields, tension and dynamical variables of the brane. Hence, a D-brane appears
as a source for emitting (absorbing) all closed string states. The D-branes interaction
is obtained by overlap of two boundary states, associated with the branes, through the
closed string propagator. Thus, this adequate formalism has been applied for various
configurations of the D-branes [1]-[21].
Among the different configurations of branes the setups with fractional D-branes have
some appealing behaviors [17]-[24]. The fractional branes appear in the various parts
of string and M- theories. For example, they are useful tools for demonstrating the
gauge/gravity correspondence [24], and the dynamical fractional branes prepare an ex-
plicit starting point for defining Matrix theory [25, 26]. On the other hand, we have the
compactified D-branes which have a considerable application in string theory. Besides,
there are D-branes with background fields which possess various interesting properties.
For example, these fields drastically control the interactions of the branes [8]-[15], and
they influence the emitted and absorbed closed strings by the branes. The fractional
branes, wrapped branes and the background fields motivated us to study a configuration
of the dynamical fractional-wrapped branes with background fields.
In this paper we use the method of boundary state to obtain the interaction amplitude
between two parallel fractional-wrapped bosonic Dp-branes with background fields and
dynamics. We introduce the background field Bµν , internal U(1) gauge potentials and
internal open string tachyon fields in the worldvolumes of the branes. In addition, the
branes of our setup are dynamical, i.e. they rotate and move within their volumes. For
the background spacetime in the twisted sector T we shall apply the following topological
structure
T n × R1,d−n−5 × C2/Z2 , n ∈ {0, 1, . . . , d− 5}.
An arbitrary torus from the set {T n|n = 0, 1, . . . , d − 5} will be considered. Therefore,
our configuration represents a generalized setup. We shall demonstrate that the twisted
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sector does not contribute to the long-range force, i.e. the interaction of the distant branes
completely comes from the untwisted sector U .
This paper is organized as follows. In Sec. 2, we compute the boundary states cor-
responding to a rotating and moving fractional-wrapped Dp-brane with background and
internal fields. In Sec. 3.1, the interaction amplitude for two parallel Dp-branes will
be acquired. In Sec. 3.2, the contribution of the massless states of closed string to the
interaction amplitude will be extracted. Section 4 is devoted to the conclusions.
2 The boundary states corresponding to a Dp-brane
We start by calculating the boundary states, associated with a fractional-wrapped Dp-
brane. The d-dimensional background spacetime contains a toroidal compact part, and
for the twisted sector includes a non-compact orbifold part C2/Z2. The Z2 group acts on
the orbifold directions {xa|a = d− 4, d− 3, d− 2, d− 1}. We begin with the string action
S = − 1
4πα′
∫
Σ
d2σ
(√−ggabGµν∂aXµ∂bXν + ǫabBµν∂aXµ∂bXν)
+
1
2πα′
∫
∂Σ
dσ
(
Aα∂σX
α + ωαβJ
αβ
τ + T
2
(
Xα )) , (2.1)
where α, β ∈ {0, 1, . . . , p} represent the worldvolume directions of the brane, the metrics
of the worldsheet and spacetime are gab and Gµν , Σ indicates the worldsheet of closed
string and ∂Σ is its boundary. Here we take the flat spacetime with the signature Gµν =
ηµν = diag(−1, 1, . . . , 1) and a constant Kalb-Ramond field Bµν . The profile of the tachyon
field is chosen as T 2(X) = 1
2
UαβX
αXβ with the constant symmetric matrix Uαβ [27, 28].
For the internal gauge potential we chose the gauge Aα = −12FαβXβ with the constant
field strength. The tachyon field and gauge potential belong to the spectrum of the open
string theory, thus, they accurately appeared as the boundary terms. The antisymmetric
constant angular velocity ωαβ shows the rotation and linear motion of the brane, and
Jαβτ = X
α∂τX
β − Xβ∂τXα is the angular momentum density. Note that the rotation
and linear motion of the brane are inside the volume of the brane. In fact, presence of
the various internal fields indicates some preferred alignments in the brane, and hence
the Lorentz symmetry in the brane worldvolume explicitly has been broken. We should
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say that adding a tachyonic mode generally breaks the conformal invariance, however the
conformal boundary state can still be considered at the fixed points of the orbifold. For
string actions with tachyon fields e.g. see Ref. [23] and references therein, and also Refs.
[27, 29, 30, 31, 32], in which some of them contain the resultant boundary states.
Setting the variation of this action to zero yields equation of motion of Xµ and the
following equations for the boundary state
(Kαβ∂τXβ + Fαβ∂σXβ +BαI∂σXI + UαβXβ)τ=0 |Bx〉 = 0 ,(
XI − yI)
τ=0
|Bx〉 = 0 , (2.2)
where Kαβ = ηαβ+4ωαβ, and the total field strength is Fαβ = Bαβ−Fαβ. The coordinates
{xI |I = p + 1, . . . , d − 1} show the directions which are perpendicular to the brane
worldvolume, and the parameters {yI |I = p + 1, . . . , d − 1} represent the location of
the brane. Combination of Eqs. (2.2) eliminates the third term of the first equation.
We observe that the background fields impose the mixed boundary conditions along the
brane worldvolume.
The solution of the equation of motion for the non-orbifold directions has the form
Xλ(σ, τ) = xλ + 2α′pλτ + 2Lλσ
+
i
2
√
2α′
∑
m6=0
1
m
(
αλme
−2im(τ−σ) + α˜λme
−2im(τ+σ)
)
, (2.3)
where λ ∈ {α, I} for the untwisted sector and λ ∈ {α, i} for the twisted one. In the twisted
sector the set {xi|i = p+1, . . . , d−5} represents the non-orbifold perpendicular directions
to the brane worldvolume. In the solution (2.3) for the non-compact coordinates, like the
time direction, the quantity Lλ identically vanishes, while for the circular directions there
are
Lλ = NλRλ , Nλ ∈ Z ,
pλ =
Mλ
Rλ
, Mλ ∈ Z , (2.4)
where Nλ is the winding number and Mλ is momentum number of a closed string state,
and Rλ specifies the radius of compactification for the compact direction xλ. Now look
at the orbifold directions. The orbifold C2/Z2 is non-compact, thus, its fixed points
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define a (d − 4)-dimensional hyperplane at xa = 0. As the Dp-brane has to sit on this
hyperplane, and as the closed string is emitted (absorbed) at the brane position, the
orbifold coordinates of the closed string possess the solution
Xa(σ, τ) =
i
2
√
2α′
∑
r∈Z+ 1
2
1
r
(
αare
−2ir(τ−σ) + α˜are
−2ir(τ+σ)
)
. (2.5)
In the twisted sector the solutions (2.3) and (2.5) decompose the second equation of
(2.2) as in the following
(X i − yi)τ=0|B〉T = 0 ,
(Xa)τ=0|B〉T = 0 . (2.6)
By introducing Eqs. (2.3) and (2.5) into the boundary state equations we acquire the
following equations[(
Kαβ − Fαβ + i
2m
Uαβ
)
αβm +
(
Kαβ + Fαβ − i
2m
Uαβ
)
α˜β−m
]
|Bosc〉T \U = 0,(
2α′Kαβpβ + 2FαβLβ + Uαβxβ
) |B〉(0)T \U = 0 ,
UαβL
β |B〉(0)T \U = 0, (2.7)
for both twisted and untwisted sectors, and
(αim − α˜i−m)|Bosc〉T = 0,
(αar − α˜a−r)|Bosc〉T = 0,
(xi − yi)|B〉(0)T = 0,
Li|B〉(0)T = 0, (2.8)
for the twisted sector, and
(αIm − α˜I−m)|Bosc〉U = 0,
(xI − yI)|B〉(0)U = 0,
LI |B〉(0)U = 0, (2.9)
for the untwisted sector, where we applied |Bx〉 = |B〉(0) ⊗ |Bosc〉. Since the fractional
brane has stuck at the fixed points of the orbifold the state |B〉(0) does not obtain any
contribution from the orbifold directions.
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According to the third equation of Eqs. (2.7) the tachyon field plays a crucial role
for winding of closed strings around the compact directions of the brane. This equation
implies that if the tachyon matrix is invertible we obviously receive the zero winding
numbers {N α¯ = 0|α¯ = 1, 2, . . . , p}, and hence closed strings cannot wrap around the
circular directions of the brane. If the tachyon matrix possesses null determinant the
vector {Lα¯|α¯ = 1, 2, . . . , p} can be nonzero, and therefore such wrapping of closed strings
are allowable. If the perpendicular direction xi (or xI) is non-compact the last equation
of Eqs. (2.8) (or (2.9)) becomes trivial, i.e. Li (or LI) identically vanishes, and if xi (or
xI) is compact we observe that closed strings cannot wrap around it, that is N i = 0 (or
N I = 0).
The second equation of Eqs. (2.7) eventuates to the following valuable relation between
the eigenvalues
pα = − 1
2α′
[(K−1U)α
β
xβ + 2
(K−1F)α
β
ℓβ
]
, (2.10)
where ℓβ is eigenvalue of the operator Lβ . We observe that any closed string state
(wrapped or unwrapped) has a spacetime momentum along the worldvolume of the brane.
This momentum includes two parts: continuous and discrete. The former is created by
the tachyon while the latter originates from the Maxwell field and compactification. As
we see this momentum is somewhat under the influence of the rotation and linear motion
of the brane. This nonzero momentum extremely is unlike the conventional case in which
the closed strings are radiated perpendicular to the brane worldvolume, for the conven-
tional case e.g. see Refs. [7, 33, 34]. Thus, a peculiar potential, which is inspired by the
background fields, the brane dynamics and compactification, acts on the center-of-mass
positions of the emitted closed strings. If the brane directions are non-compact and or
they are compact but the tachyon matrix is invertible Eq. (2.10) reduces to
pα = − 1
2α′
(K−1U)α
β
xβ. (2.11)
By the quantum mechanical technics, specially by using the commutation relations
between xα and pβ, and between x′α and Lβ/α′, where x′α = xαL−xαR and Lα = α′(pαL−pαR),
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the zero-mode part of the boundary state in the twisted sector finds the form
|B〉(0)T = Tp
2
√
det(U/2)
∫ ∞
−∞
exp
[
iα′
∑
α6=β
(
U−1K +KTU−1)
αβ
pαpβ
+
i
2
α′
(
U−1K +KTU−1)
αα
(pα)2 + 2i
(
U−1F)
αβ
ℓαpβ
]
×
d−5∏
i=p+1
[
δ
(
xi − yi) |piL = piR = 0〉]
p∏
α=0
(|pα〉dpα) . (2.12)
The disk partition function induces the normalization factor 1/
√
det(U/2), [35, 36]. In the
same sector, by using the coherent state method [37], we obtain the following boundary
state for the closed string oscillators
|Bosc〉T =
∞∏
n=1
[detM(n)]
−1 exp
[
−
∞∑
m=1
(
1
m
αλ−mS(m)λλ′ α˜
λ′
−m
)]
× exp

− ∞∑
r=1/2
(
1
r
αa−rα˜
a
−r
) |0〉α|0〉α˜ , (2.13)
where λ, λ′ ∈ {α, i}, and the matrix S(m) is defined by
S(m)λλ′ =
(
Q(m)αβ ≡ (M−1(m)N(m))αβ,−δij
)
,
M(m)αβ = Kαβ − Fαβ + i
2m
Uαβ ,
N(m)αβ = Kαβ + Fαβ − i
2m
Uαβ . (2.14)
Expansion of the exponential parts of Eq. (2.13) clarifies that the brane couples to the
whole closed string spectrum in the twisted sector. The disk partition function gives the
normalizing factor
∏∞
n=1[detM(n)]
−1 [1, 16, 36]. More precisely, the quadratic forms of the
tachyon profile and rotating-moving term, accompanied by the gauge Aα = −12FαβXβ,
give a quadratic form to the boundary part of the action (2.1). Thus, there exists a
Gaussian path integral, which induces the prefactors of Eqs. (2.12) and (2.13), and also
the prefactors of the next Eqs. (2.15) and (2.16).
In a similar fashion, the untwisted sector U has the following boundary states for the
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zero-mode part and the oscillating part
|B〉(0)U = Tp
2
√
det(U/2)
∫ ∞
−∞
exp
[
iα′
∑
α6=β
(
U−1K +KTU−1)
αβ
pαpβ
+
i
2
α′
(
U−1K +KTU−1)
αα
(pα)2 + 2i
(
U−1F)
αβ
ℓαpβ
]
×
d−1∏
I=p+1
[
δ
(
xI − yI) |pIL = pIR = 0〉]
p∏
α=0
(|pα〉dpα) , (2.15)
|Bosc〉U =
∞∏
n=1
[detM(n)]
−1 exp
[
−
∞∑
m=1
(
1
m
αλ−mS(m)λλ′ α˜
λ′
−m
)]
|0〉α|0〉α˜ , (2.16)
where λ, λ′ ∈ {α, I}, and S(m)λλ′ =
(
Q(m)αβ ,−δIJ
)
.
For obtaining Eq. (2.15) we have used methods of quantum mechanics, specially
the commutation relations between the position coordinates and their corresponding mo-
menta, and for Eq. (2.16) we have applied the coherent state method. As expected, by
setting all linear and angular velocities to zero the above boundary states reduce to the
simple configurations of the D-branes, e.g. see Ref. [12]. Besides, by decompactifying
the compact directions and quenching the background fields and velocities we receive the
simpler boundary states, e.g. see Refs. [6, 24, 34, 38].
Look at the first equation of Eqs. (2.7). The coherent state method on the oscillators
{αβm , α˜β−m|m = 1, 2, 3, . . .} introduces the matrix Q(m)αβ in Eqs. (2.13) and (2.16), while
this method on the set {α˜βm , αβ−m|m = 1, 2, 3, . . .} recasts these boundary states with the
matrix
(
[Q−1(−m)]
T
)
αβ
. Equality of these matrices leads to the following conditions
ηU − Uη + 4(ωU + Uω) = 0,
ηF −Fη + 4(ωF + Fω) = 0. (2.17)
These equations are independent of the mode numbers.
Finally we shall use the following known boundary state, corresponding to the confor-
mal ghost fields [16, 34],
|Bgh〉 = exp
[
∞∑
m=1
(c−mb˜−m − b−mc˜−m)
]
c0 + c˜0
2
|q = 1〉|q˜ = 1〉 . (2.18)
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This state is independent of the orbifold projection, toroidal compactification, rotation
and linear motion of the brane and the background fields. The total boundary state in
the bosonic string theory, for each sector, is given by
|B〉T \UTotal = |Bosc〉T \U ⊗ |B〉(0)T \U ⊗ |Bgh〉 . (2.19)
Compare the boundary states (2.12), (2.13), (2.15) and (2.16) with the boundary
states of a bare brane, i.e. a stationary brane without any background and internal fields.
This induces to define the following effective tension for the dressed brane
Tp = Tp√
det(U/2)
∣∣∣∣
∞∏
n=1
[detM(n)]
−1
∣∣∣∣. (2.20)
3 Interaction between two Dp-branes
The interactions of the branes have appeared in many physical phenomena and in the main
problems of physics. For example, in the brane-world scenario these interactions have been
introduced as the origin of the inflation [35, 39]. Beside, interaction and collision of two
D-branes create a Big-Bang [40]. In addition, in the early universe these interactions have
been considered for describing the radiation-dominated era. Also there are Dp-branes that
overlap with our D3-brane, hence, interact with it. Thus, these interactions induce the
added gravity within our world [41, 42]. Furthermore, the branes interactions clarify some
corners of the gauge/gravity correspondence [24]. Finally, the gravitational interaction
between the branes describes creation of the dark matter [43]. There are many other
satisfactory applications of such interactions, e.g. see the Refs. [36, 44, 45, 46].
The interaction between two D-branes can be described by the 1-loop graph of an
open string worldsheet [47]-[49], or tree-level diagram of a closed string worldsheet [1]-
[21]. In the second approach each brane couples to all closed string states through its
corresponding boundary state. This is due to the fact that all properties of a D-brane are
encoded into a boundary state. Thus, in the closed string channel closed string is radiated
from one brane, then propagates toward the other brane, and finally is absorbed by the
second brane. Therefore, for acquiring the interaction amplitude of two Dp-branes we
should calculate the overlap of their corresponding boundary states via the closed string
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propagator, i.e.,
A = 〈B1|D|B2〉 , (3.1)
where the total boundary states of the branes should be used. “D” is the closed string
propagator, and is constructed from the closed string Hamiltonian. For the twisted sector
the Hamiltonian is
HT = Hghost + α
′pλpλ + 2

 ∞∑
n=1
(αλ−nαnλ + α˜
λ
−nα˜nλ) +
∞∑
r=1/2
(αa−rαra + α˜
a
−rα˜ra)


− d− 6
6
, λ ∈ {α, i}. (3.2)
For the untwisted sector there is
HU = Hghost + α
′pλpλ + 2
∞∑
n=1
(αλ−nαnλ + α˜
λ
−nα˜nλ)− d/6 , λ ∈ {α, I}. (3.3)
The difference between the ground state energies of the two sectors is a consequence of
the orbifold projection on the twisted sector. These ground state energies impose some
significant effects in the branes interaction.
3.1 Interaction amplitude: arbitrary distance of the branes
According to the orbifold projection the total interaction amplitude has two parts: one
part from the untwisted sector and the other part from the twisted sector
ATotal = AT +AU . (3.4)
After a heavy calculation we receive the following amplitude for the twisted sector
AT = T
2
pα
′Vp+1
4(2π)d−p−5
∏∞
n=1[det(M
†
(n)1M(n)2)]
−1√
det (U1/2) det (U2/2)
∫ ∞
0
dt
[
e(d−8)t/6
(√
π
α′t
)din
× exp
(
− 1
4α′t
∑
in
(
yin1 − yin2
)2)∏
ic
Θ3
(
yic1 − yic2
2πRic
∣∣∣∣ iα′tπR2ic
)
× [detZ(t)]−1/2
∑
{Nαc}
exp
(
2W †Z(t)−1W )
×
∞∏
n=1
(
det[1−Q†(n)1Q(n)2e−4nt]−1
(
1− e−4nt)p−d+7 (1− e−2(2n−1)t)−4)],(3.5)
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where Vp+1 is the common worldvolume of the branes, and
Wα = (U
−1
1 F1)βcαℓβc + (U−12 F2)βcαℓβc ,
Z(t)αβ =


2tα′δαβ + iα
′[(U−11 K1 +KT1 U−11 )− (U−12 K2 +KT2 U−12 )]αβ , if α = β
2iα′[(U−11 K1 +KT1 U−11 )− (U−12 K2 +KT2 U−12 )]αβ , if α 6= β.
(3.6)
Besides, we decomposed each set of the directions into the compact and non-compact
subsets, i.e.
{i = p+ 1, . . . , d− 5} = {in} ∪ {ic} , {α = 0, . . . , p} = {αn} ∪ {αc},
where the index “c” (“n”) represents the word “compact” (“non-compact”). Thus, din is
the dimension of the directions {xin}. The factor ∏∞n=1(1 − e−4nt)p−d+7 originates from
the oscillators of the non-orbifoldy perpendicular directions and the conformal ghosts,
and the last factor of the last line is contribution of the orbifold directions.
The interaction amplitude in the untwisted sector is given by
AU = T
2
pα
′Vp+1
4(2π)d−p−1
∏∞
n=1[det(M
†
(n)1M(n)2)]
−1√
det (U1/2) det (U2/2)
∫ ∞
0
dt
[
e(d−2)t/6
(√
π
α′t
)dIn
× exp
(
− 1
4α′t
∑
In
(
yIn1 − yIn2
)2)∏
Ic
Θ3
(
yIc1 − yIc2
2πRIc
∣∣∣∣ iα′tπR2Ic
)
× [detZ(t)]−1/2
∑
{Nαc}
exp
(
2W †Z(t)−1W )
×
∞∏
n=1
(
det[1−Q†(n)1Q(n)2e−4nt]−1
(
1− e−4nt)p−d+3)], (3.7)
where {I = p + 1, . . . , d − 1} = {In} ∪ {Ic}, and dIn = dim {xIn}. The factor
∏∞
n=1(1 −
e−4nt)p−d+3 originates from the oscillators of the perpendicular directions and the confor-
mal ghosts.
For computing the amplitudes (3.5) and (3.7) we receive the factor
∏p
α=0〈pα1 |pα2 〉. This
implies that a nonzero interaction requires the equation
pα1 − pα2 = 0, α = 0, 1, . . . , p.
According to Eq. (2.10) this equation eventuates to the following conditions
det
(K−11 U1 −K−12 U2) = 0,
det
(K−11 F1 −K−12 F2) = 0. (3.8)
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The conditions (2.17) and (3.8) reduce n+ (p+ 1)(3p+ 2)/2 parameters of the theory to
n− 2 + p(p+ 1)/2, where “n” is the dimension of the asymmetric torus T n.
The second lines of the amplitudes (3.5) and (3.7) imply that the interaction is expo-
nentially damped by the square distance of the branes. In the last lines of these equations
the determinants come from the oscillators of the string coordinates {Xα}. The overall
factors in front of the integrals, which include the parameters of the system, partially
specify the strength of the interaction.
The variety of the parameters in the setup, i.e., the matrix elements of: the Kalb-
Ramond tensor and field strengths and tachyon matrices, the linear and angular speeds of
the branes, the dimensions of the spacetime and the branes, the closed string winding and
momentum numbers, the coordinates of the branes location, and the radii of the circular
directions, specifies a general interaction amplitude ATotal = AT +AU .
The effects of the toroidal compactification have been gathered in in, din, In, dIn,
the Jacobi theta function Θ3 and the worldvolume vector Wα. Thus, for obtaining the
interaction amplitudes in the non-compact spacetime it is sufficient to exert the following
replacements: in → i, din → di = d−p−5, Θ3 → 1 and W → 0 in Eq. (3.5); and In → I,
dIn → dI = d− p− 1, Θ3 → 1 and W → 0 in Eq. (3.7).
3.2 Interaction amplitude: large distance of the branes
Behavior of the total interaction amplitude for large distances of the branes is very im-
portant. This prominently defines the long-range force of the theory, which is determined
by
ATotallong−range = ATlong−range +AUlong−range . (3.9)
In fact, this picks out the contributions of the closed string tachyon and massless states
to the interaction. For this purpose, since the states of the graviton, Kalb-Ramond tensor
and dilaton have zero winding and zero momentum numbers we shall impose ℓβc = 0
for every βc. Besides, in the critical string theory, i.e. for the dimension d = 26, we
impose the limit t→∞ on the oscillating parts of the amplitudes (3.5) and (3.7). Since
the nature of an emitted (absorbed) closed string is independent of the locations of the
12
interacting branes the position factors in Eqs. (3.5) and (3.7) do not change. In this limit
the contribution of all massive states, except the tachyon state, vanish.
For the twisted sector the limit is
lim
t→∞
e3t
∞∏
n=1
(
det[1−Q†(n)1Q(n)2e−4nt]−1
(
1− e−4nt)p−d+7 (1− e−2(2n−1)t)−4)
−→ e3t +
[
21− p+ Tr
(
Q†(n=1)1Q(n=1)2
)]
e−t. (3.10)
Thus, the interaction amplitude of the distant branes, in the twisted sector, has the
following form
ATlong−range =
T 2pα
′Vp+1
4(2π)21−p
∏∞
n=1[det(M
†
(n)1M(n)2)]
−1√
det (U1/2) det (U2/2)
∫ ∞
0
dt
{(√ π
α′t
)din
× [detZ(t)]−1/2 exp
(
− 1
4α′t
∑
i
(
yin1 − yin2
)2)∏
ic
Θ3
(
yic1 − yic2
2πRic
∣∣∣∣ iα′tπR2ic
)
× lim
t→∞
(
e3t +
[
21− p+ Tr
(
Q†(n=1)1Q(n=1)2
)]
e−t
)}
. (3.11)
According to the negative mass squared of the tachyon, the divergent part in the last line
exhibits exchange of the tachyonic state. The last bracket in Eq. (3.11) clarifies that in
the twisted sector the Z2 projection extremely damps the long-range force. This is due
to the fact that this projection modified the zero-point energy of the Hamiltonian of this
sector.
In fact, the twisted spectrum of closed string does not have any massless state, but
contains the tachyonic state with a modified imaginary mass. Therefore, the vanishing
long-range force in this sector is an expected result. However, we calculated this force to
find the damping form of it and the divergence form for the tachyon exchange.
We should also calculate the long-time behavior of the interaction amplitude in the
untwisted sector. By considering the following limit in the 26-dimensional spacetime
lim
t→∞
e4t
∞∏
n=1
(
det[1−Q†(n)1Q(n)2e−4nt]−1
(
1− e−4nt)p−23)
−→ e4t + 23− p+ Tr
(
Q†(n=1)1Q(n=1)2
)
, (3.12)
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the long-range force of the untwisted sector takes the form
AUlong−range =
T 2pα
′Vp+1
4(2π)25−p
∏∞
n=1[det(M
†
(n)1M(n)2)]
−1√
det (U1/2) det (U2/2)
∫ ∞
0
dt
{(√ π
α′t
)dIn
× [detZ(t)]−1/2 exp
(
− 1
4α′t
∑
i
(
yIn1 − yIn2
)2)∏
Ic
Θ3
(
yIc1 − yIc2
2πRIc
∣∣∣∣ iα′tπR2Ic
)
×
(
lim
t→∞
e4t + 23− p+ Tr
(
Q†(n=1)1Q(n=1)2
))}
. (3.13)
Again the divergent part represents the exchange of the tachyon state, and the remainder
indicates the long-range force.
The amplitudes (3.11) and (3.13) demonstrate that the orbifold projection does not
deform the total long-range force. In addition, this projection imposed the divergence
e3t as the contribution of the tachyon exchange in the twisted sector. Besides, these
amplitudes reveal that the compactification of the branes directions does not have any
role in the long-range force.
According to Eqs. (2.14) the matrices Q(n)1 and Q(n)2 contain 2(p+1)(2p+1) param-
eters
{ω(l)αβ , F(l)αβ , B(l)αβ , U(l)αβ |α, β = 0, 1, . . . , p},
with l = 1, 2 for the first and second interacting branes. By adjusting these parameters
we can receive
23− p+ Tr
(
Q†(n=1)1Q(n=1)2
)
= 0, (3.14)
and hence, we acquire a vanishing total long-range force. In fact, for the two D0-branes
there are only two parameters U(1)00 and U(2)00, thus this equation is not satisfied. How-
ever, for the systems with p ≥ 1 there are enough parameters for satisfying this equation.
For example, consider two parallel D1-branes. For simplification let ω(1)01 = ω(2)01 = 0,
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therefore Eq. (3.14) is decomposed to the following equations
U(1)11U(2)00U(2)11 − U(1)00U(1)11U(2)11 + U(1)00U(1)11U(2)00
−U(1)00U(2)00U(2)11 + 4U(1)11 − 4U(2)11 + 4U(2)00 − 4U(1)00
−4U(1)11F2(2)01 + 4U(2)11F2(1)01 − 4U(2)00F2(1)01 + 4U(1)00F2(2)01
−U(1)11U2(2)01 + U(2)11U2(1)01 − U(2)00U2(1)01 + U(1)00U2(2)01 = 0 ,
−12U(1)11U(2)11 − 48F2(1)01F2(2)01 − 4U(1)01U(2)01 − 16F(1)01F(2)01
−12U2(1)01F2(2)01 − 12U2(2)01F2(1)01 − 12U(1)00U(2)00 + 10U(1)11U(2)00
+10U(1)00U(2)11 + 3U
2
(1)01U(2)00U(2)11 + 3U
2
(2)01U(1)00U(1)11 + 10U
2
(2)01
+10U2(1)01 + 40F2(2)01 + 40F2(1)01 − 10U(1)00U(1)11 − 10U(2)00U(2)11
−3U2(1)01U2(2)01 + 12F2(1)01U(2)00U(2)11 + 12F2(2)01U(1)00U(1)11
−3U(1)00U(1)11U(2)00U(2)11 − 48 = 0 . (3.15)
4 Conclusions
We constructed the boundary states, associated with a non-stationary fractional-wrapped
Dp-brane, in the presence of the Kalb-Ramond background field, an internal U(1) gauge
potential and an internal open string tachyon field in the twisted and untwisted sectors
of the orbifold projection.
We observed that the emitted closed strings cannot wrap around the compact direc-
tions which are perpendicular to the brane. In addition, wrapping of them around the
compact directions of the brane is controlled by the tachyon matrix. Besides, each emitted
closed string possesses a momentum along the worldvolume of the brane. This momen-
tum depends on the position of the closed string center-of-mass, its winding numbers,
and the parameters of the setup. This noticeable result clarifies that the background
fields, accompanied by the toroidal compactification and linear and angular velocities of
the brane, induce a marvelous potential on the emitted closed string.
For both twisted and untwisted sectors the interaction amplitudes of two dynamical
fractional-wrapped Dp-branes, in the above-mentioned setup, were obtained. The multi-
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plicity of the parameters designed a generalized amplitude. The strength of the interaction
accurately is adjustable via these parameters to any desirable value.
From the total interaction amplitude the total long-range force was extracted. The
long-range force only originates from the untwisted sector. That is, the orbifold direc-
tions quenches the contribution of the massless states to this interaction. By a specific
adjustment of the parameters we can eliminate the long-range force.
References
[1] C. G. Callan, C. Lovelace, C. R. Nappi, S. A. Yost, Nucl. Phys. B 288 (1987) 525;
Nucl. Phys. B 308 (1988) 221.
[2] F. Hussain, R. Iengo and C. Nunez, Nucl. Phys. B 75 497 (1997) 205.
[3] M. B. Green and P. Wai, Nucl. Phys. B 431 (1994) 131.
[4] O. Bergman, M. Gaberdiel and G. Lifschytz, Nucl. Phys. B 509 (1998) 194.
[5] M. B. Green and M. Gutperle, Nucl. Phys. B 476 (1996) 484.
[6] P. Di Vecchia, M. Frau, I. Pesando, S. Sciuto, A. Lerda and R. Russo, Nucl. Phys.
B 507 (1997) 259.
[7] M. Billo, D. Cangemi, P. Di Vecchia, Phys. Lett. B 400 (1997) 63.
[8] C. G. Callan, I. R. Klebanov, Nucl. Phys. B 465 (1996) 473.
[9] M. Li, Nucl. Phys. B 460 (1996) 351.
[10] T. Kitao, N. Ohta, J. G. Zhou, Phys. Lett. B 428 (1998) 68.
[11] S. Gukov, I. R. Klebanov, A. M. Polyakov, Phys. Lett. B 423 (1998) 64.
[12] H. Arfaei and D. Kamani, Phys. Lett. B 452 (1999) 54, hep-th/9909167; Nucl. Phys.
B 561 (1999) 57-76, hep-th/9911146.
16
[13] H. Arfaei and D. Kamani, Phys. Lett. B 475 (2000) 39-45, hep-th/9909079; D. Ka-
mani, Phys. Lett. B 487 (2000) 187-191, hep-th/0010019; Nucl. Phys. B 601 (2001)
149-168, hep-th/0104089; Phys. Lett. B 580 (2003) 257-264, hep-th/0301003; Int. J.
Theor. Phys. 47 (2008) 1533-1541, hep-th/0611339; Eur. Phys. J. C 26 (2002) 285-
291, hep-th/0008020; Mod. Phys. Lett.A 17 (2002) 237-244, hep-th/0107184; Annals
of Physics 354 (2015) 394-400, arXiv:1501.02453[hep-th]; F. Safarzadeh-Maleki and
D. Kamani, Phys. Rev. D 90, 107902 (2014), arXiv:1410.4948[hep-th]; Phys. Rev.
D 89, 026006 (2014), arXiv:1312.5489[hep-th]; M. Saidy-Sarjoubi and D. Kamani,
Phys. Rev. D 92, (2015) 046003, arXiv:1508.02084[hep-th].
[14] C. Bachas, Phys. Lett. B 374 (1996) 37.
[15] M. Frau, I. Pesando, S. Sciuto, A. Lerda, R. Russo, Phys. Lett. B 400 (1997) 52.
[16] C.G. Callan, C. Lovelace, C.R. Nappi, S.A. Yost, Nucl. Phys. B 293 (1987) 83.
[17] M. R. Douglas, JHEP 9707 (1997) 004.
[18] C.V. Johnson, R.C. Myers, Phys. Rev. D 55 (1997) 6382.
[19] M.R. Douglas, B.R. Greene and D.R. Morrison, Nucl. Phys. B 506 (1997) 84.
[20] M. Bertolini, P. Di Vecchia, M. Frau, A. Lerda, R. Marotta, Nucl. Phys. B 621
(2002) 157.
[21] M. Frau, A. Liccardo, R. Musto, Nucl. Phys. B 602 (2001) 39.
[22] S.P. de Alwis, Phys. Lett. B 505 (2001) 215.
[23] A. Sen, JHEP 0204 (2002) 048; JHEP 0405 (2004) 076; JHEP 9808 (1998) 010; JHEP
9808 (1998) 012.
[24] P. Di Vecchia, A. Liccardo, R. Marotta and F. Pezzella, JHEP 0306 (2003) 007.
[25] M. R. Douglas, H. Ooguri and S. H. Shenker, Phys. Lett. B 402 (1997) 36-42.
[26] T. Banks, W. Fischler, S. H. Shenker and L. Susskind, Phys. Rev. D 55 (1997) 6382.
17
[27] D. Kutasov, M. Marino and G. Moore, JHEP 0010 (2000) 045.
[28] E. T. Akhmedov, M. Laidlaw and G. W. Semenoff, JETP Lett. 77 (2003) 1-6; M.
Laidlaw and G. W. Semenoff, JHEP 0311: 021, (2003).
[29] E. Witten, Phys. Rev. D 46 (1992) 5467-547; Phys. Rev. D 47 (1993) 3405-3410; K.
Bardakci and A. Konechny, “Tachyon condensation in boundary string field theory
at one loop”, arXiv:hep-th/0105098.
[30] T. Suyama, Prog. Theor. Phys. 106 (2001) 1017-1025; A. Fujii1 and H. Itoyama,
“Some computation on g Function and Disc Partition Function and Boundary String
Field Theory”, arXiv:hep-th/0105247.
[31] P. Di Vecchia and A. Liccardo, “D branes in string theory, II”, YITP Proceedings
Series No.4 (Kyoto, Japan, 1999).
[32] T. Lee, Phys. Lett. B 520 (2001) 385-390.
[33] P. Di Vecchia and A. Liccardo, “D branes in string theory, I”, NATO Adv. Study
Inst. Ser. C. Math. Phys. Sci. 556 (2000) 1-59.
[34] M. Billo, P. Di Vecchia, M. Frau, A. Lerda, I. Pesando, R. Russo and S. Sciuto, Nucl.
Phys. B 526 (1998) 199.
[35] G. Dvali and G. Gabadadze, Phys. Lett. B 460 (1999) 47.
[36] E.S. Fradkin, A.A. Tseytlin, Phys. Lett. B 163 (1985) 123.
[37] M.B. Green, J.H. Schwarz and E. Witten, “Superstring Theory”, (1987) Vol. I, Cam-
bridge: Cambridge University Press.
[38] M. Billo, B. Craps and F. Roose, JHEP 0101, 038 (2001).
[39] N. Jones, H. Stoica and S.-H. Henry Tye, JHEP 0207 (2002) 051.
[40] J. Khoury, B. A. Ovrut, P. J. Steinhardt and N. Turok, Phys. Rev. D 64, 123522
(2001).
18
[41] G. Dvali, I. I. Kogan and M. Shifman, Phys. Rev. D 62 (2000) 106001.
[42] N. Sakai and Sh. Tomizawa, Nucl. Phys. B 602 (2001) 413.
[43] H. Abdusattar and H. Iminniyaz, Comm. Theor. Phys. 66 (2016) 363.
[44] A. Albrecht and P. J. Steinhardt, Phys. Rev. Lett. 48 (1982) 1220.
[45] A. H. Guth, Phys. Rev. D 23 (1981) 347.
[46] A. D. Linde, Phys. Lett. B 108 (1982) 389.
[47] J. Polchinski, Phys. Rev. Lett. 75 (1995) 4724.
[48] J. Polchinski, S. Chaudhuri, C. V. Johnson, “Notes on D-branes”, hep-th/9602052;
J. Polchinski, “TASI lectures on D-branes”, hep-th/9611050.
[49] C. Bachas and M. Porrati, Phys. Lett. B 296 (1992) 77.
19
